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S T A T E ME N T

0 F

P R O B L E M

The purpose of this problem is to determine the
effect of diets deficient in carbohydrates, proteins,
and fats on the establishment and development of Hymenolepis diminuta in rats.
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INTRODUCTION

There is great interest in the search for the
chemical needs which bind obligate parasites to their
host.

That is, bind them in the sense that the organism

is incapable of reproducing itself outside the environment furnished by a host.

A tapeworm living in the in-

testinal tract of a vertebrate is probably not in contact
with compounds of special micronutritional significance
occurring only in that habitat.
Like all animals, cestodes are totally dependent,
directly or indirectly on their environment for all the
material required for growth, reproduction, and energy
metabolism.

In the absence of an alimentary tract or any

specific openings through which substances of micronutritional significance can pass to the interior of the
worm, the integument must assume the entire function of
absorption.

It is, therefore, not strange that the in-

tegument of these helminths should be suitably adapted
to play the role of external covering, protecting the
worms to an unknown extent from its physical environment
and, at the same time, allowing effective contact between

2

the worm and its chemical surroundings.

It is quite

possible that these two functions are not separable.
It is commonly believed that tapeworms depend upon the digested or sernidigested substances in the intestinal contents by which they are bathed for their nutrients.
Wardle (1935) called attention to the fact that no accurate information was available concerning the food requirements of a cestode or the methods by which it satisfies those requirements.

Shorb (1933) experimented with

the effect of a deficient diet on Hymenolepis fraterna
in rats and mice and obtained inconsistent results in
the two hosts.

Reid (1942) showed that the glycogen con-

tent of this worm was twice as high at night as in the
morning and correlated this with the daily cycle of proglottid production reported by several investigators.

He

found no good evidence of fat depletion during a brief
starvation period, but there was an actual increase in
nitrogen.

Hager (1941) did not detect any effect on the

egg output of H. diminuta in rats when the diet of the
host was cut to one-third of the normal intake.
Chandler (1939), in a series of experiments, demonstrated that "premunition" in this tapeworm infection
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was due to crowding rather than to immunity in the ordinary sense.

Chandler (1943) reported that when the rat

host is placed on a diet lacking carbohydrate, there is
a decrease in the number of H. diminuta established and
they are quite small in size.

Chandler (1943), in study-

ing the nutrition of this tapeworm, stated that adult
worms may absorb nutrients directly from tissues with
which they are in contact.

Other than these few inves-

tigations, most of the information on the physiology of
tapeworms has been obtained from worms kept in various
saline and nutrient media in vitro, or from chemical analysis (Wardle, 1937; Green and Wardle, 1941).

Wardle

(1937) believes that glucose is the only carbohydrate
requirement of tapeworms; after absorption, it is synthesized into glycogen and stored in the parenchymal
cells.
Several years ago it was noted that the quality
of carbohydrates in the host diet has an effect on the
size of H. diminuta (Chandler, Read, and Nicholas, 1950).
This phenomenon has been studied in greater detail by
Read and Rothman (1957a, b, c) and Read, Schiller, and
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Phifer ( 1958).

In these latter studies , i t was shown

that the size of H. diminuta is affected by the quality
of carbohydrate in the host diet.

Studies of the initial

growth of the worms in hosts receiving the diets, differing only in containing starch or sucrose 1 showed that the
growth rate of the worm was dependent on the kind of carbohydrate ingested by the host.
Morphologica l studies of worms from hosts on diets
containing different carbohydrates revealed that there
were significant differences in mean gravid segment volume and , by inference, reproductive capacity as function
of the quality of dietary carbohydrate .

Difference in

actual reproductive rate, as measured by the number of
eggs in the feces, corresponded to the morphological differences induced by specific dietary carbohydrates.

From

the standpoint of the growth rate, size maintained, and
reproductive rate, starch was the most beneficial carbohydrate tested .

Carbohydrates as a class of compounds,

seem to be unique in that they are absorbed from the vertebrate gut and do not undergo enteric circulation (Read,
1951) .

Further, i t may be noted that the cestodes seem
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to be capable of utilizing those specific carbohydrates
which the host is capable of absorbing against a concentration gradient.

~here are also effects which do not

directly involve the quality of utilizable carbohydrate
available but are ecological in nature.
In spite of their simplified but well-organized
morphological structure, tapeworms have been found to
have a very interesting and complicated biochemical organization as far as proteins are concerned .

~tis

suggested that the effects of the various diets are
probably produced directly upon the parasite rather than
indirectly through effects on the hosts, since protein
diets detrimental to the hosts are not associated with
lowered egg production on the part of the parasite, whereas other diets appear to be deleterious to both host and
parasites (Hager, 1941).
The general systemic effects commonly produced by
tapeworms, e.g . , nervous symptoms , gastro-intestinal disorders, loss of weight, and general weakness, may not be
due to absorption of toxin from the worm but rather absorption by the cestode of proteins and possibly hormones
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and other substances from the intestinal mucosao

Green

and Wardle (1941) suggested that the synthesis of glycogen from amino acids is precluded by lack of aerobic
respiration and he speculates that the amino acid requirement may also be simple.

Chandler (1943) found

that complete elimination of protein from the diet, although i t caused marked loss of weight in the rat, had
no apparent effect on the establishment, growth, or reproductive ~apacity of the worm.

Some of the worms de-

prived of proteins reached a larger size than had previously been observed even in single-worm infection in
hosts on a normal diet.
While the control of metabolic processes by hormones is not clearly understood, i t is generally considered to be mediated through action at the enzyme level
of activity~

Turner (1949) and Dorfman (1948) believed

that the control of enzyme level reaction is accomplished
through influences of intermediary metabolites.

Whereas

the exact mode of action is emerging from obscurity, the
situation is complicated by the possibility of inter-and
counteractions of host factors with those of the parasite.
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According to Aldrich, et. al. (1954), the interconversion
of amino acids, the conversion of amino acids to keto acids,
and the synthesis and oxidative deamination of amino acids
by coupled reactions are all among the potential functions
of transamination which are important to host and parasite alike.

By interconversion, an amino acid less essen-

tial to the metabolism of the parasite can be exchanged,
in the presence of proper keto acids for those more metabolically significant in the synthesis of protein by the
worm.

Transamination thus provides a means whereby amino

groups may be removed from amino acids present in excess
amounts in the host gut and attached to a certain carbon
fragment of carbohydrate degradation in the worm.

A def-

inite increase in amino nitrogen in the worm tissues results.

This is essentially the mechanism by which inter-

conversion of protein with both carbohydrates and fats
occurs.

These capacities clearly elevate transamination

to a key point in the scheme of protein metabolism in the
tapeworm, in that it can control rates of amino acid formation from corresponding Kreb cycle intermediates as well
as the converse process.

In this way transamination is
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capable of directing, expediting, and decelerating protein synthesis and degradation.
Daugherty (1954) showed that, although the tapeworm undoubtedly depends both on the host diet and some
diffusable constituents of the host body for its sustenance, the extent of the dependence on each is not entirely passive.

In a subsequent investigation, Daugherty

(1955), concluded that methionine and cystine were absorbed by physiological participation (active transport)
on the part of the worm.

Using a diet consisting exclu-

sively of whole milk, Hager (1941) was able to associate
the diet with a decrease in egg production in the parasite.
Wardle (1937) speculated that there may be no fat
requirement.

Reid (1942) did not find good evidence of

depletion of fat during a brief starvation period.

A

thorough search of the literature has not revealed pertinent data on fat absorption or metabolism by Hymenolepis.
In fact, the available data seem to have been obtained as
a result of extensive investigations on protein meta.bolism
associated with the increased channeling of Krebs cycle
constituents toward fats as a result of the blocking effect
on protein synthesis (Aldrich, Chandler, & Daugherty, 1954).
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MATERIALS AND METHODS

Seventy-five white Wistar rats were obtained from
Texas Agricultural and Mechanical College.

The rats were

weighed, sexed, and grouped according to their respective
diets prior to infection with cysticercoids.

The animals

were distributed according to sex as evenly as possible
in experimental and control groups.

Experimental animals

were divided into three groups of fifteen animals and
maintained on diets deficient in carbohydrates, proteins,
and fats, respectively.

A control group consisting of

ten rats, was maintained for each experimental group and
fed normal diets.

The dietary allowance for each animal

was six grams per day.

The rats were placed on their diets

seventy-two hours prior to infection but food and water
were withheld for the last twenty-four hours in order to
facilitate swallowing of the cysticercoids.
Tenebrio molitor, infected with cysticercoids of
Hymenolepis diminuta, was secured from the Carolina Biological Supply Company.

The head, legs, and wings of the

beetles were removed and discarded.

The remainder of the
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organism was placed in physiological saline solution and
the thin dorsal integument removed.

The entire contents

of the body cavity were then scraped into a petri dish
and examined, with a dissecting microscope, for parasites.
Each rat was infected with ten cysticercoids of H. diminuta by using a medicine dropper to place the larvae
in the back of the pharynx.

Following the inoculations,

each group of rats was again placed on its respective
diet.
For eighteen days, the animals were fed and watered.
Any changes in the external appearance of the rats were
observed and recorded.

On the nineteenth day the ani-

mals were taken off their respective diets, weighed,
sacrificed, and autopsied.

A large syringe was used to

force water through the host•s intestine in order to remove the tapeworms.

The worms were relaxed by cooling

in a refrigerator and measured.

The specimens were then

fixed in F.A.• A. solution and preserved in 70% ethyl alcohol. -

11

RESULTS

In rats fed a carbohydrate deficient diet (Group I),
2.22% of the parasites were established in males, whereas, 36% of the worms developed in rats fed a carbohydrate
sufficient diet (Group II).

In female rats subsisting

on a carbohydrate sufficient diet, 28% of the parasites
became implanted {Table I).

Statistical analysis revealed

a significant difference in the number of surviving parasites in male rats fed carbohydrate deficient and sufficient diets (Table II).

Due to the death of all female

rats fed a diet deficient in carbohydrate, no comparative
analysis of the incidence of infection was possible.

Two

infected males of Group I yielded two parasites attaining
an average length of 9.7 cm. with 7.5 to 12 cm. being the
range.

Each worm recovered was a single establishment.

The eighteen parasites measured in the controls (Group
II) had a slightly higher average length of 14 cm.• with
worms ranging in length from 4 to 29 cm. (Table III).
From female rats fed a carbohydrate sufficient diet, fourteen worms were recovered attaining an average length of
16.4 cm. with a range from 12.1 to 17.9 cm. (Table III).
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Females and males on a control diet yielded 32 worms
that had an average length of 15 cm., and ranged in
length from 4 to 18.6 cm. (Table III).

Complete lack

of carbohydrates in the diet reduced the average total
length of worms per rat to about 62% of that in rats fed
a normal diet.

However, statistical analysis of the av-

erage length obtained by H. diminuta did not reveal a
significant difference between the experimental and control groups (Table IV).
Fifty-six per cent of the worms survived in female
rats fed a protein deficient diet (Group 1II) and 300/4 in
the control group (Table I).

Male hosts fed the same

diet in the experimental group had an establishment of

38%.1 whereas, in the controls, 34% of the parasites became established.

In females and males on a protein de-

ficient diet, 46% of the helminths became established as
contrasted to 32%. in the control group (Table I).

Sta-

tistical analysis did not reveal a significant difference
in the incidence of infection for parasites hosted by
female and male rats separately or combined on the experimental and control diets (Table II).

Infected males
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of Group III yielded 39 parasites which attained an average length of 10.4 cm. and ranged in length from 8 to
19.2 cm.

In the control group, 17 worms were recovered

attaining an average length of 18.7 cm. and varied in
length from 12.6 to 28.8 cm. (Table III).

Females fed

a protein deficient diet contained 34 helminths with an
average length of 7.7 cm., and a range in length of 1 to
17 cm. (Table III).

Fifteen worms were recovered from

females in the controls.

The average length of the worms

was 15.7 cm. and the length ranged from 8.2 to 20.6 cm.
In females and males combined in Group III, 69 worms
were recovered which reached an average length of 10.7
cm.

The maximum length of the worms was 19.2 cm. and

the minimum one was l cm.

Females and males on a normal

diet yielded 32 worms that had an average length of 14.6
cm. and ranged in length from 8.2 to 28.8 cm.

Statisti-

cal analysis of the average length obtained by parasites
hosted in rats fed protein deficient and sufficient diets
revealed a signif~cant difference in male and female rats
separately or combined (Table IV).

In male rats fed a fat deficient diet (Group V),
43% of the worms became established and in hosts fed a
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fat sufficient diet (Group VI), 28°/4 of the worms developed (Table I).

Group V females had an establishment

of 500/4 and Group VI (controls) had 28% of the parasites
to survive.

Female and male rats fed the experimental

diet contained 46% of the worms inoculated; whereas, only 28% became established in animals fed a normal diet
(Table I).

Statistical analysis did not reveal a signi-

ficant difference in the incidence of infection in parasites hosted by male and female rats separately or combined (Table IV).

Infected males of Group V contained

39 parasites that attained an average length of 17.8 cm.
and a range in length of 5.2 to 42.4 cm.

Fourteen worms

were recovered from the controls, attaining an average
length of 16.5 cm.

The longest worm was 24.2 cm. and

the shortest one, 1.2 cm. (Table III).

From females fed

a fat deficient diet, 30 worms were recovered.

The para-

sites reached an average length of 14.4 cm. and ranged
in length from 3.2 to 39.2 cm. (Table III).

Females on

a normal diet yielded 14 worms that had an average length
of 17.3 cm. and ranged in length from 1 to 25.2 cm. (Table
III).

Females and males combined in Group V contained

69 parasites that obtained an average length of 16.3 cm.
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The maximum and minimum lengths of the parasites in this
group were 42.4 cm. and 3.2 cm., respectively (Table III).
In females and males fed a fat deficient diet, 28°/4 of
the worms became established attaining an average length
of 16.9 cm. with a range in length of 1.2 to 25.2 cm.
Statistical analysis of the average _length obtained by
parasites hosted by male and female rats separately or
combined fed fat deficient and sufficient diets revealed
no significant difference.
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DISCUSSION

It was found that a complete lack of carbohydrates
in the diet exerted a restraining influence upon the number of worms that became established in male hosts.

Pre-

vious studies by Read and Rothman (1957a) have shown that
a carbohydrate deficient diet was responsible for an increase in worm loss.

The results obtained in this in-

vestigation coincide with this observation.

In view of

the fact that 32% of the worms became established in the
control group and only 2.22% succeeded in implantation
in the experimental group, i t may be assumed that a carbohydrate deficient diet exerts a deleterious influence
upon the establishment of H. diminuta.
The usu.al belief has been that adult tapeworms
in the intestine subsist by absorbing digested but unassiroilated foods from the fluid intestinal contents in
which they are bathed.

It has been shown that this is

true for carbohydrates (Chandler, 1943r Read and Phifer,
1959).

Reid (1942) reported that a lack of carbohydrate

in the diet r .e duced the number of proglottid produced.
Chandler {1943) and Read and Rothman (1957a) stated that
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a lack of carbohydrates results in a reduction of worm
size.

In this investigation, the average total length

of worms per rat was reduced to about 62% of that in
rats on a normal diet; however, statistical analysis revealed that this reduction in length was not significant.
The literature favors the hypothesis that carbohydrate requirements of the worms are met by amounts
which represent an excess for the host, and that competition between the worms and the intestinal flora for
utilizable carbohydrates seems more likely than competition between worms and the host (Read, 1951).

If this

is true, whenever an excess quantity of carbohydrates is
not available in the lwnen, the worm population will be
progressively decreased.

There is also a possibility

that mobilization of the general host defense mechanisms
plays a role in eliminating the worms.
Since there was not a significant difference in
the establishment of worms in rats fed protein deficient
and sufficient diets, it may be assumed that the lack of
proteins is not a limiting factor in this report.

Avail-

able data indicate that the quantity of nitrogen-containing substances passing into the intestine from the body
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of the host is surprisingly large, amounting to about
35% of the quantity ingested by an animal on a normal
diet.

Therefore, i t is highly probable that a supply

of amino acids is readily available to the parasites in
the intestinal muscosa and that the amount present is
adequate for normal growth if the worm population is not
too great.

Chandler (1943), in studying the nutrition

of this tapeworm, stated that adult worms may absorb
nutrients directly from tissues with which they are in
contact.

Daugherty (1954) showed that the tapeworm de-

pends on some diffusable constituents of the host body
for its sustenance and that acquirement of such substances
depended upon physiological participation by the worm.
According to Read (1951), as the number of tapeworms in an individual host increases, the average size
decreases.

This has been termed the "crowding" effect,

which is suppose to interfere with surface contact between the worms and the mucous membranes of the host.
aowever, the number of parasites that constitutes a crowd
was not explicated by the investigatori hence, there are
reservations as to whether the number of worms implanted
was sufficient to constitute a crowd.

In several rats
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harboring the total number of parasites inoculated, the
average length obtained by the worms was greater than in
hosts containing a lesser number.

It is unlikely that

this inconsistency would exist, if the generalization
concerning crowding is the only contributing factor7
therefore, it is quite possible that a protein deficient
diet exerted an inhibitory effect on the growth of H.
diminuta.
Since statistical analysis revealed no significant difference in the incidence of infection nor in the
average length obtained by worms subsisting on fat deficient and sufficient diets, it may be assumed that the
parasites have no fat requirement.

A thorough search of

the literature has revealed little investigative work on
fat absorption or metabolism by H~ diminuta.

Wardle (1937)

stated that cestodes had no fat requirement.

The assump-

tion, however, was made without experimental verification.
Reid (1942) did not find good evidence of depletion of
fat in tapeworms during a brief starvation period.
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SUMMARY

Experimental animals were divided into three
groups of fifteen each and maintained on diets deficient
in carbohydrates, proteins, and fats, respectively.

A

control consisting of ten rats was maintained for each
experimental group and fed normal diets.

The rats were

grouped as evenly as possible according to age, weight,
and sex.

Seventy-two hours later, each animal was in-

fected with ten cysticercoids of Hymenolepis diminuta.
The animals were kept on experimental diets for eighteen
days and then sacrificed.

The incidence of infection

and the worm sizes were determined.

A carbohydrate de-

ficient diet exerted a restraining influence upon the
number of worms that became established in male hosts.
The length obtained by parasites subsisting on a protein
deficient diet differs significantly fro.m those on a
control dietr however, a deficient diet does not affect
the establishment of Hymenolepis.

Fat deficient diets

failed to influence the establishment or length of the
cestodes.

21

BIBLIOGRAPHY
Aldrich, D. V., A. C. Chandler, and J. c. Daugherty,
1954. Intermediary protein metabolism in helminths. II. Effect of host castration on amino
acid metabolism in Hymenolepis diminuta. Exptl.
Parasitol. 3(2) 1173-184.
Chandler, A. c., 1939. The effects of number and age
of worms on development of primary and secondary
infections with Hymenolepis diminuta in rats, and
an investigation into the true nature of 11 premunition11 in tapeworm infections. Amer. Jour. Hyg.
Sect. D. 29(3) :105-114.
, 1943. Studies
----Amer.
Jour. Hyg.

on the nutrition of tapeworms.
37(2) ,121-130.

c. P.

Read, and H. O. Nicholas., 1950. Observations on certain phases of nutrition and hostparasite relations of Hymenolepis diminuta in
white rats. Jour. Parasitol. 36, 523-535.
Daugherty, J .• W., 1954. Synthesis of amino nitrogen from
ammonia in Hymenolepis dirninuta. Proc. Soc. Exptl.
Biol. Med. 85, 288-291.
_ _ _ _, 1955. Intermediary protein metabolism in helminths. III. The L-amino acid oxidase in Hymenolepis diminuta and some effects and changes of
host physiology. Exptl. Parasitol. 4(5):455-463.

Dorfman, R. J., 1948. The metabolism of androgens.
Progr. Hormone Research 2, 179-206.

Recent

Green, N. and R. A. Wardle., 1941. The cultivation of
tapeworms in artificial media. Canadian Jour.
Res. Sect. D. Zool. Sci. 19(8) :240-244.
Hager, A., 1941. Effects of dietary modifications of
host rats on the tapeworm, Hyroenolepis diminuta.
Iowa State Coll. Jour. Sci. 15(2):127-153.

22

, 1941. Effects of dietary modifications on the
----tapeworm,
Hymenolepis diroinuta. Ibid., 16(1) : 2460 .
Read, C. P., 1951.
infections.

The "crowding" effect in tapeworm
Jour. Parasitol. 37(2):174-178.

and A.H. Rothman, 1957a.
----hydrates
in the biology of

The role of carbocestodes . I . The
effect of dietary carbohydrate quality on the
size of Hymenolepis diminuta. Exptl. Parasitol.
6, l-7 .

_ _ _ _ and _ _ _ _, 1957b. The role of carbohydrates
in the biology of cestodes. II. The effect of
starvation on glycogenesis and glucose conswnption in Hymenolepis. Exptl. Parasitol. 6, 280287 .
_ _ _ _ and _ _ _ _, 1957c. The role of carbohydrates
in the biology of cestodes. III. Some effects
of host dietary carbohydrate on growth and reproduction of Hymenolepis. Exptl . Parasitol.
6 , 294-305.

____., E. L. Schiller, and K. Phifer, 1958.

The role
of carbohydrates in the biology of cestodes. Jour .
Parasitol. 8 , 91-l.18.

_ _ _ _ and K. Phifer, 1959 . The role of carbohydrates
in the biology of cestode·s . VII. Interactions
between individual tapeworms of the same and different s pecies . Exptl . Parasitol. 8(1):46-50.
Reid,

w.

Mw, 1942.

Certain nutritional requirements of
the fowl cestode Raillientina cesticellus (Molin)
as demonstrated by short periods of starvation
of the host . Jour. Parasitol. 28, 319-340 .

23

Shorb# D. A., 1933 . Host-Parasite relations of Hymenolepis fraterna in the rat and the mouse. Amer .
Jour . Hyg. , 18:74-113 .
Turner,

c.

D. , 1949. General Endocrinology.
Sanders Company, P hiladelphia.

W. B.

Wardle, Ro A. , 1935 . Fish tapeworms. Biol. Board.
Canada, Ottawa. Bull. 45 : 1-25.
_ _ __,, 193 7. The effect of carbohydrate on parasites.
Jour . Parasitol. 134 ( 2 ):412-414 .

TABLE I
NUMBER AND PER CENT OF PARASITES SURVIVING IN RATS FED DEFICIENT AND NORMAL DIETS
Carbohydrate Diet
Protein Diet
Fat Diet
Rat Classification
Number
Deficient
Normal
Sex
Deficient
Normal
Deficient
Normal
1
F
0
6
2
2
6
7
2
F
0
0
8
4
5
0
3
F
0
3
2
5
3
0
4
F
0
2
8
2
1
0
5
F
0
3
1
0
10
9
6
F
10
0
8
2
8
1
4
10
1
7
M
8
1
0
2
M
6
5
8
9
1
0
9
3
5
1
M
'
2
10
0
6
5
0
0
M
11
4
3
6
7
4
M
0
12
5
0
7
M
4
13
0
0
M
2
2
14
0
M
1
0
15
0
M
Females:
Total number of surviving
14
34
30
14
15
0
parasites
Per cent of surviving
28
30
so
28
56
0
parasites
Males:
Total number of surviving
18
2
35
17
39
14
parasites
Per cent of surviving
43
2.22
38
34
36
28
parasites
Females and Males:
Total number of surviving
32
79
69
28
32
2
parasites
Per cent of surviving
28
46
32
46
32
1.33
parasites

-

-

-

-

-

-

-

-

TABLE I I
STATISTICAL ANALYSIS OF THE INCIDENCE OF INFECTION OF HYMENOLEPIS
DIMINUTA IN ALBINO RATS FED DEFICIENT AND NORMAL DIETS

Groups
I

Value of t a t the 1%
level of significance

Significant
Difference

df

t

-

-

-

-

12

3.59

3.06

.53

9

1.52

3.25

0

12

.28

3.06

0

23

1.21

2.81

0

9

1.00

3.25

0

12

.81

3.06

0

1.15

2.81

and I I

Females
Males
I I I and IV

Females

Jl'd.~·

l t. ac,:I!
.... ;:!.

~:,

(D

(9

•

~
~

S;d.,
~

8.

Males

ct>

;~~
........

~

Females and Males ~~

~ ... a

V and VI
Females
Males

...

23
Females and Males
Group I - carbohydrate deficient
Group I I - carbohydrate sufficient
Group I I I - protein deficient

df - degree of freedom
t
- critical ratio

0
Group r.v - protein sufficient
Group V - fat deficient
Group VI - fat sufficient

TABLE III
AVERAGE LENGTH OF HYMENOLEPIS DIMINUTA FOUND IN ALBINO RATS FED DEFICIENT AND SUFFICIENT DIETS
Diet

Sex

Experimental Group
Number of
Number of
infected
worms
recovered
rats
examined

Average
length
(cm)

Range
in
length
(cm)

Number of
infected
rats
examined

Control Group
Number of Average
length
worms
(cm)
recovered

Range in
length
(cm)

12.1-17.9

F

0

0

0

000000

4

14

16o4

M

2

2

9.7

7.5-12

4

18

14

4-29

M

2

2

9.7

7.5-12

8

32

15.9

4-29

F

6

34

7 .. 7

1-17

4

15

15.7

8.2-20. 6

M

8

39

10.4

8-19.2

4

17

18.7

12.,6-28. 8

M

14

69

10.7

1-19.2

8

32

14.6

8.2-28. 8

F

5

30

14.4

3.2-39.2

3

14

17.3

1-25.2

M

8

39

17.8

5.2-42.4

4

14

16 .. 5

1.2-24 . 2

13

69

16.3

3.2-42 . 4

7

28

16 . 9

1-25.2

Carbohydrate
F
and

Protein

F

and

Fat
F

and
M

TABLE

r.v

STATISTICAL ANALYSIS OF THE AVERAGE LENGTH OF HYMENOLEPIS
DIMINUTA FOUND IN RATS FED DEFICIENT AND SUFFICIENT DIETS

Groups

Value of t a t the 1%
level of significance

Significant
Difference

df

t

Females

2

-

9.92

-

Males

4

0.19

4.60

0

10

2.08

3.17

0

8

8.16

3.36

4.80

Males

10

3.87

2.08

1.79

Females and Males

20

4.88

2.84

2.04

6

0.27

3.71

0

10

1.03

3.17

0

I and I.I

Females and Males
.III and IV
Females

V and VI
Females
Males

2.88
0
0.95
18
Females and Males
Group IV - protein sufficient
Group I - carbohydrate deficient
Group V - fat deficient
Group II - carbohydrate sufficient
Group VI - fat sufficient
Group III - protein deficient
df - degree of freedom
t
- critical ratio

